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(57)Abstract: 

PROBLEM TO BE SOLVED: To effectively improve a 
dynamic range by continuously or discontinuously 
changing storable electric charge time-sequentially 
within an image pickup period and also within a specified 
charge saturation of a sensor means. 
SOLUTION: An electric charge storable within one 
image pickup period is made to change in two steps. A 
shutter voltage is applied outside a storage time TO and 
the electric charge that is subjected to photoelectric \ i % 

conversion in a photodiode is swept out to a substrate. A — si 

substrate voltage which is lower than the shutter voltage 
and is higher than a blooming control voltage is applied 
at storage time t(0), and thus, Qsat(1) is defined. When 
the storage time becomes t(1 ), the substrate voltage s - ■ m 

becomes low, and thus, Qsat(2) whose storage electric charge is larger than that of the Qsat 
(1) is defined. Furthermore, 2xt(1)=t(2). When photoelectric conversion efficiency changes 
due to quantity of light in the case of making storable electric charge change in multi-steps, 
the change is small and an image without the sense of incongruity to eyes can be offered. 
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a, iB»aRiti*^B»#a*S!i8jf«sisp#fa!i:<f 

1 ««SBIHF<gU:j^T, MoM^&*>^3M£<D*l£ii 

part t\ ns»5U« ic mmmffismffimzmim 
msxmmt -/ 1- y □ - k u-r va* v-y-^a* sa 

SHTtifc— 3 ?S3»*^«i:-r 311*51 1 IEK<D@tt 
SASH. 

[11*11 3 ] ^KCfltRTfiVfiftti. Ma'R 1 ttftmn 
7?£ 3 *£#S£-t 311*511 XH 2 lcEtt©@ft«« 

w^R^+^aam^ist^a^fimr^^^ 

Bo 

[ffi*515 ] ^ h 'J y ^xttlcEB*ftfe«»©-bV 

a?«£ ws***?-* W5*«3M& 

»«SBIHrtU:Qsat(1k Qsat(2)©Hlcff^, froQsa 

tcixosat- k©»7bsih* t (D , -mmmmvm 

7B$IH£t(2) iLftit, Qsat(1)/t (1) <( Q 
sat(2)-Qsat(D) /( t (2) - t (1) ) <7)£ft£ 

B<7»£;£o 

•JJJIBrtteaSl^Ts Qsat(1)s Qsat(2), , Qsa 

t(n)owcfTi\ fro^oiiiowiRmftmwac q 

sat(1)*0) fr51n©ll^ili( Qsat(1)< 
Qsat (2)< < Q sat (n) ) [Z.Wk®WX « WZftWit 



[ff*51 8 ] ffgtM&fr 6* 8t>3tg«*fift#Qsat 
(m) ?£3mgH£§ (2^m^n) OtfBtt- 
©»7l$lffl£t (m) (HM^IH®»7B$IHfcl: t (n)) 
tL/cl^ 2J-X±n*;i(7)$5m, Xlif^T(7)m[c 
35l/*T( Qsat(m) -Qsat(m- 1 ))/( t (m) - t 
( m-1))<( Qsat(m+1) -Qsat(m))/( t (m 

+ D - t( mvnmzmtctztzimttzn* 
517 iztmcomwmmmwcDmmttio 
[ii*5i9] mm^mTzwmmmm^&rmww.m 

mm(Dmmd (Qsat)/d t#d (Qsat)/dt>0 
■Ps*»*^»i:-r*ll*^5 lc|Ett©@ft«<KBfl© 

[11*511 o] HittSiiHirtat^TaSfllHSfcH:- 

«©2*^b*d2(Qsat)/d t2 tfd2(Qsat)/d t 

#gB4>is»£-;io 

[iwwiii] SR-iwweinicmittBmiEK^sa 

(0) ?S«lKHHU:r«|||2ftg57!i£1 OflMBIftfr 

mmmi 2] sBMMtffliii(Diittinit(c^«s 
F^rom^M*M^o ^nr <t r 5H*5i 5 

[w*^i 3] A»««icwLTma©BSiHx ffi^m 

Bo 

[11*511 4] AtfttafcttLTffiSflDISIHk ffi^H 

ic * -3 t mmm mm l fcffiftji ic uss-r « *a rth 

*Jt*S»a5^5ft«»*!|$«i:-r«ll*Sl EK©@ 
ft»^gBo 

[11*511 5] ±IBLfcll*5157iS1 2(7)^tl6Hc 

■BK*ftfce»i*a*siff-r«sHii#a^c@ft«« 

SBo 

[11*51 1 6 ] ±E LfclWWI 5 TiS 1 2 roftftMc 
EK* nfcgll*a®SB(7)IgB*;S^ □ V tf a tcH 

[000 1] 
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[0 0 0 2] 

i-~y? UV5>*+»** < TZOmtfilbZ, fttfft S 

[0003] ±aLfeBgfi**a-rafci6ii: N 

09AfcmiHI¥ 8-9 260 ^fcffltf N jf^U^rtKfc^ 
m^m (Qsat ) »f5Ci(aoI^t57 

*sffi©Kw*ffa 0 hi 3& c c D§yiiftji#ga 
1 ok ^am?triESgp 102, si (Dm.mmm.rn 1 

0 5, £2<Dttfi££«i1 0 6^6«fiE*ftT^«o 

[0004] hi 4«, hi 2 0)i-rs<D-feii/SP<Difs 
a?* y n - §y^«i*ss 10 7, p - m^mfomm i 
0 8, NS¥jf^i±ii 09, p+ shifts* 1 i 

0, 1 JIS4>$|SA5/iJ =l> 1 1 1 -CTgatfftfel! 1 <7) 
WSKSWf 1 0 5, 2«g©£l§fl$/y=lV1 1 2 7 

raja*ftfc*2©*ffii5£wif i oe, mmtzzj 7 
;i/=-^asii 1 3, tttuii 1 4, ij/i-mmm-\ i 

[0 0 0 5] Hi 5 ttJfctMEJMB®, »??KxV5/+;U 

SSI 0 7lcSS*EVHsub£8W*C£U:j:^ ft 
HS&SP1 0 1 *«fi8f «NS¥3Pft««1 0 9, 33 J: 

^cSSfctf-e^BWSfc-r^TN- ¥*n*s«i o 

7[c|i*£T5 0 

[0 0 0 6] c©J:aS«Jitt-«ilc«S!*-/Op- 
KKVWS (BOFD) tPftfftTt^*. 
iKlxUf^aV^SB, Vol.37, No. 10(1983) pp782 
-787) m^Z. N- 3!¥9tt£«1 0 7lcS«HEVBs 

ub (j-xt, mmmEtmz) zmmu ftmg&sn 

0 1 U:TAJ*3»U:jSi;fcffl^*ra©*«£M*&?-*£ 

Si10 1 lc#8IL*ftSU^MS*«ES!OF D«it 
^ffiUNN- ¥3Pf«*1 0 7[cP&£L, *8tRTgg«*^ 

[0007] crosffi^ffl^r, mwmmmm<Dmm 
mimmmif-mmmmzn-<Dmm^m.r±mMm 

(Qsat(lXO) , n-VWBplW&mm. (Qsat (2) 
*0, Qsat(1)<Qsat(2)) ©Hlc«]et)*<fcaic@ft 

ft*fr5»s @f*»§sS»7)OFD (tT-zOp-KU 
-TV) lc#7t««S«E*««IBIHrt©S«BtlH (t 

BSIHt (1) $?®@tt«fi^H®*»Rrtl6W5*£ 



Qsat (Ik Qit (1) £l*Qsat(2) t*mtt&o 

[zm^ms.(D%mmio 0 

[0 0 0 8] C©<fcaS«tl*«E)0@ft««Sfllc£^ 

%-mmm3mzwmn%mffiwtmffiwm.mm(DM 
mmi evmm^u -mmmmmzwmnzm 
si^iMttfflii^n 7<Dmm^to hi e 
stflsi 7©ja»i±, -»«BHrtic£^T*»Rrti6 

[0 0 0 9] HI 6, HI 7lC^*ft«ay, SfltRTtl 
ft m^M L ft on Jf£ £ ibR L T * 5 y 7 U V 

5>®ibj±«I9!T*e -3*y % -»§s«™ 

Qsat (1X0) , 3t2£>m^m( Qsat (2X0, Qsat 
(2) > Qsat (1) ) ©Mi lcffl1f;i.*#a£fto Ci^Ccty 
iKiS. y 0 U>5*DlR]±#»5;h.*o 
[00 10] 

4)<fc?lct (1) *HtMHHrtfcH£LQsat(1)<fcy 
Qsat(2)©*fi«**<t*t^3ftft©ai-Pt (1) , 
Qsat (1) Qsat (2) Lfcil^ +#10?*+ 
5 y * U VvHi&S^n if, * 5 icligiWffiitfgfb 
L ft ^ if £ t m. L T fc *X i- 5 y * u y*J&Mt> 5 ft 

[0 0 1 1] H1 8(i, t(1) £t(1a), t(1b), t (1 

titttttm&MWsntmmmsmtnvms hi 

Z>o ftfc\ t (1a)< t (1b)< t (lc)©KflR*t)OTey 
t Wte-m®mm(D*?3&Z&V, 2Qsat(1)=Qsa 

ttatu »**»wta#-j&D«£©!mt 

[oo i 2] hi 8i5<ttfHi 9*yt)3B»«ay, td 
c) (Dm £lcfc^-ni, »**»*1S«fl«-S©«^i:ib 
KLT, ^^-5y^U>v»^[R]±LTl^6\ t (1a) 
ifcj:^ t (lb)©*&liUNf ti«6,»*»am^*lfl«-S© 

(1) , Qsat(1)i3j;0 : Qsat(2)A\ QsatdXQsat 

U> f flD*#tf Htift^tf^ l J ft < , Sfflm^M 
»-7£(Dm-£ tiiM.LT ®&&m&c ttt^o ?m>k 

[0 0 13] X, #Fi¥1 -2 5 3 9 6 O^iifgtcli, 
@ft««gfIlcl8LTIHI/T.*ftT£y, ^BC C DWffl 

#M<ty*<tft«Sffi[c^LTIBt6*tiTl^*\ 1 a 

^fflF^rticstr, wm&mffiw^mzmikttzm 

KM LTKKff X1$IHI¥ 5-2 2 7 2 8 

(i, @ft««il6?lc*f(S-r«iiBlHl8©jpJ»atf?K7< 

h/^>^P»0»fl!>jpJ»lE(Bi:T#Slt?l«:Klt*«l8l 
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[0 0 14] Wits ftlHI¥1 0-1 5 0 1 8 3^ii$Slc 

it. n^m^mLmcmamsm^^-jx-yn- 
[ooi5] *%m(D±r£{mmimnmmhmftft 

[0 0 16] 

«\ 7HJy*XttfcEB*ftfeM®*V1*#«, Ma 

«Rrie«ffi>«nsr«*«Rrmnfi»m srs 
aRii6«flfii»?a*iiHj«ir*iiHj«i#ai:frs*j«*ft 

mmsmw.-?3b v . x*«wic««s 2 ^ftg*«<t lt 
fMtim^M^psr««iMtim^ps#is, sr« 

[0 0 17] 

tf @ft««sfi©eBi*stt, ±ib Lfe«saffi««* 

SUB LTV*®?, -»§s«»^ 1^15:111 
2 |£Pg[c glkT zmSfc&^Tte, * 5 y * 

vit-msmmm ^TmmpiWi.mmmifmt lsv 
[0018] *sk, *ftRrig«m«n^ #a«ttic 

LTSiHtc^ L < * C t left] AT. 2 



[0019] Jem, aKWicSft-rsii^ics^T 

14, V'O-S.vtWXt. ii^SiiltfSftL 
S^«#£J±RLT*L<*#t*C£U:Sna.T, 

[00 20] 

mam &cfi^ *^ic«*@i*»§sSB&t>m 
1 <D-mmo>m&*7xT7n y^mr 

9^kT*&-oT. m*. ?h'Jy^XttlcEfI*ftfe* 

is 3 % mmvtswmzm 3 ©*apiii«s«*ii»-r * 

?$^r, sr«p3MS5(4, 1 iwwfiinirtiEKONTs 
mcmmwm^mnffimzmm$i%L<it$mmmc% 

■ 1 ffjSfrflTV*. 

[0021] *si£icft*yjR@ttatt&si ic^r 

lis S*feV9-#«2H\ CMOSS-bV9-#aStfiM 
8!*-/ 1- 7 □ - K l/-f Vffl-fe >+t#f&fr 5 SJR* ftfc 

u\ *«wic»^Ttt, SR 

[0 0 2 2] *«W(c»^Ttt, SKSIMfim 
SBH» 2 ©SffimEe L < li IR-b 2 

lc«*aR@ft««SBltt, g]HoT^«tc N SR$ij 
ffll#IS5ti. «SE-r«»o^©SlfiJ7 , 7y^— : >«• 

[0 0 2 3] X, *«Wlcj$^«lR@f*a«SilH«: 
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IS (CPU) 

[0 0 2 4] *«wk«*±ELfe*a*wra 

@f*»§sSB 1 ©@f*»§sSBlMte)££ L714, s* 

mat, 7Mj y ^x«icEii*ftftaa©*v^#s 
2, iKft*vt(-#a2i«:ssK**u mm&tyymsi 

mm^m 3 (om-mmmm^mm zwm^mnmm 
4, ^'K«ffl^nm^ps#a 4 mm? *» 
#95 i^sw^trftftsftaHsaiii i ks$7, mm 

?»^7, ^m&*.ynm<k 2 ©*i £m^f&*nm 
^7, Btm^jwt^'KSffl^tim^M^ii^we l < it 

#»ttttl«:Sft*^««»i:SJSPLSfl«6e«|-r**ST? 

[0025] ^mmzmi^PMwm.mm.(Dwmi5 
\i^mtwm^mmm.\t. %m mmmwcwz. 

« lc ii^tiJlP 1" -5 & ft* t> * 

mis SEfk*-ii*^*»aRnii«ffi*©ejwff*j|iaBE 

f(4li*$t)-&TIWIlT* WHS U\ 

[0026] m%nffiwm^mizmf%mmm*jm 
ft-f, *«wicj$^«iR@ftw»sii©eiii*- 

sat(n) OWfflStf^*, HW*»IHTlF<gU:Qsat(1k 
Qsat(2)(7)|lLIJcffU\ j&OQsatClXDffiJt^- K©*7 
B$IH£ t (1) , HWWHIHT 1 0D«7BtlH?S«S2© 
il^ISi^KDifK- K©«7I$IHI£ t (2) i: L 

Qsat(1)/t (1) <( Qsat(2)-Qsat(D) 
/( t (2) -t (1) ) ro*ft^;ifc-r«lc$iJfflT* 

[0 0 2 7] <fcyffiP»llc*^ftfi9l«:o^TWWf «S5 
tf, *Hf*#iJ[cj5^7l4, H2lc^-r*lc, HMNHIB 
T1rt(C »»RTtlSW»Qsat(n) #2gtfgU:£<b 

Bl«:»a*ft«*^Qsat(n) £^?o 0 2 (a) ti 
-JWRSBIHT 1 rtlc£^«aS«E*^LT^« 0 
[0 0 2 8] IP*, «W3IBttT(HEj3l,NTI±> 
$ fe 14/ \°; UXffl^ £ L 7 <D -> + y * tEtftt * S ft, 7 

ft*o SfltPSHt (0) icfe^Ttts 5/-vy*mE<fcy 

fcffi< 7/u- = >-?WJmEJ; y fcBi^8«*Eff Win 



£ft, CftlE«fcyQsat(1)fl«SS«o 

[0029] «8tP$ia^t (i) [c^^fc^tc 

14, Sfi«EtiHS<Sy, Cftlc<fcyQsat(1)<fcy*8l 
«S«fl«*#SQsat(2)fl«SS«o **fc®J&l8 
icfi^Ttts -ItiPll^LIt (1) 14*F^^$ 
*£ L7£y, Qsat(2)<7)«ft^- R7>«KB$IH?Sy 
-SWWBIHI©»bypS«t (2) l:SLI2xt 

(1) = t (2) ©WlfcttoT^*. 

[003 0] T*"61C, 2XQsat(1)<Qsat(2)flDBflWf 

y, Qsat(1)/t (1) <( QsatQ)-Qsat(D) /( 
t (2) -t (1))©&ft£;ifcL70^o 02 (b) 14 
-SHWIBIHIT 1 McmZWmmtenffiwZjrsLT^ 

[00 3 1] 0 2 (a) ?£i&fc«fc3U:«*«E£K3£ 
L7l^fcA6, Qsatd) £J±RLTQsat(2) 14 2{S 
•tWSSltitSoTL^. 02 (c) i5«fctfH2 

(d) t4ffiftm©ft, £«fctffl3fc*©3fctfffi***ftfcl* 
K7* KlcWI*ft*TO«*SLT^*. 
HI 2 (c) l±^*©3fctf{8»**ftfc«££;SLT£ 

[0 0 3 2] 02 (d) (4«^(7)3 1 c^AWLfc 

•^EiSLTStK Qsatd) (D=E- F0)#®mcis^ 
7(4, -B$«fcWaMT*ffllBfl^LT^*jtk Qsa 
t(2) (0=E- KGWBMSlcaS^Tt*. Qsat(2) 
Kffl*7T*t (2) BSlcfeLNTfeftffi-a-ricJtWSSi 

^<S^**(4Qsat(1)(7)^-K(7)B^^lci30NTl4te 

ai^Lt^ftsicfci/^fcQsatU) ro^- Refill 
y, c©jiatf*#<jift*. 

[0 0 3 3] 03147* h^7h-KF«gtc«ffl^ft*m 

«wic»^*s i ©a wtommc&ziKMtxmcw 

miE ft * m^M <t ©BB«*/Tx LTiSf, jUiffi^Sflt rTH 

^ nmmft-fe(Dm-£ic ts n% ytm. t mmis ft * m<fM 
tciii^Lri^o s' (i) ttsaRitis 

m^MQsat(n) fl«-S©«^lc£UNT7* 

[0 0 3 4] 3 l fiMS(1)J-X±(7)3 l cM[ci3^Tl4, Q 

sat(1 ) Kfl>l5IBflSfc?7* h^V^- Ktttt 

atttttftaff. s (D j.x±s (2) j-xT^Mtcis 

1^714, Qsat(2) BS©^- K©BSIH*?7* h^V^ 
-Ritta««lcttS5S^o S (2) w±<oyfi 
Mlci3^7l4, Qsatd) B$®t- K®B$IHffi*3*5«fctf 
Qsat(2) BOt- KO^rftlcfi^Tt^-OBSIH^rt 

[0 0 3 5] S (2) >S' (1) ©BB«*35LTfe 

y, m i ©^ft«9©jK«ic<j: y $w = y 7 uv^ase 



(6) 
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mm£vs>fa.tLT^%zttj<fcfr%o as, s en 
a, s- (D >s (D zmtctmmmctsvTGM 

fcRJSlT* S (2) (42Qsat(1)<Q 

sat(2)©*fl=*3lfe-rQsat(1)£<J:tfQsat(2) lc<fcy- 

[0 0 3 6] &[E, *»IKlcft21lil@ttffl^iI<?)B 
«£;£©!£ 2 ©^ft«9lcoUNTKWr «ft 5 fcf. SKM 
2©^ft«9lcj$UNTlis ±lELfc!Sl <Djy*0J^f§© 

li, @4t^TIt, HWW8JIHT 1 rtlc, S?Mtl% 

[0 0 3 7] 04 (a) ttHMaBBrticfiw-assw 

«bffi< 7/i/- = >^wjmE<fc y ts^sswEffaian 
**u ewe* y Qsat 

[0 0 3 8] &[e n *«i«u# t ( 1 ) icaofcUKE* 
smE*Ms< a y v cfticj: y Qsat (D * y earn*** 

ff**ftQsat(2)tf£$3. ftfi, *5fJfc<Dflgailc£^ 

Ttts t (D «flw«iiB<ottJnBjSi«fc ti «&tK¥<oim 

*lEH£*nTfiy, Qsat(2)(73«ffl^- KcDSWSfl 

?sy-aflWKiH©«fcyps«t (2) ic*tLT2x 

t (1) >t (2) flDBWRfcttoT^*. 
[0 0 3 9] £5lE, 2 X Qsat (1)= Qsat (2) 

y, Qsat(1)/t (1) <( Qsat(2)-Qsat(D) /( 

t (2) -tcmvfkfczmtcLTvZo 04 (b) a 

04 (a) ?£fcfc<fc3U:S«*E£K£LTV*fc 
46, Qsat(l) ®»»t-K0DI8Hfll£ttRLTQsat 
(2) ©*8l : E-K©BSIH*US<SoT^«o 
[0 0 4 0] 04 (c) j5<fctFI84 (d) fcfcffijfc*© 

Rc#a*ft«|g2© (c) fccfctf (d) i:[Wl«ltc. {g 

y, -£S3fc*D3fc#AJ*Lfc«£fcf:s -Battle lift*] 
**SBIH#«£LT^*#, Qsat(2) <0=E- KOIfflB 

[0041] 051*7* h$r-r*- Krtic*a*fta« 

Lfc|£^m2(7)IISfe(7)^|g[Ecfc«3 1 cM<!:«ffl*ti«m 
ffi*£®BI«£iS LTJ3 y, £fttiY9ra|gtt*ffift# 



^lt^s. s- (i) itwsK^mm^mif-&<om 

[0 0 4 2] ftmS (1) J^OftmtEfcWW:, Qsa 
t(1 ) RflDt- KOBSIH*rt?7* h^- Klittffi 
ttt8£6*tf. S (1) J-X±S (2) J-XT^MtEis^ 
Ttts Qsat(2) BSOt- K®B$IHffi?7* h^V^- 
KttttfDtttt(cttft6ftl\ S (2) tt±flD3W 

lcJ$l/>Tl±s Qsat(1) B$©t- KOBSIHffirtfi.fctFQ 
sat(2) B&Dt- KO^rWEfiUNTt^-OBSIH^rt? 
7* Kl±«!fflttJKi:S«o 

[0 0 4 3] S (2) >S' (1) (DMm**LZ3S 

y,«2 ©nsfe^^siiE «t y *y ^ s y 7 u > fie* 

fljiyt^LTL^Ci^b^So 6i5s S (2) fcfc 

eeiEKsrsct^-pt*^ s en t* % t (2) 
<2t (D zmtctt (D ic<fcy-«»ic£sa. 

*Ie % *«WlciR* SKg]f*»#gM©IE»£;S©Jg 3 
©^ft«llEOLNTKWr *S 5 ^ SKM 3 ©UttflHc 
fcl^TM\ *«RT|g««fifS$ifiiJ1i|lRTII«:@ft«ftSB 

HF^Efc^T, QsatOk Qsat(2), % Qsat(n) 

fl>JWEfrl\ fro*©«1©«8lRni6a«flf«( Qsat 
(1)*0) frblnCli^iMt Qsat (1)< Qs 
at (2)< < Qsat (n) ) lzmkVM5L%mfc9mt % 

to?**. 

[0 0 4 4] -3$y % *HWJlEfi^TW:, 06[E/Tst 

«he, -a«»BiHT 1 rtiE, «fipjf^m^M^3SPi 

sRlSi 3 SPSJiU© n SBro^SBlc^b* 3«tE$ij 

HE, *»Rlt6«:*^«£J:tJ : 5IBllc7*h^-r*-K 
lE«*i£ft31i^m£0 6 (a) -06 (d) [E^tvf 
tiijiT. 

[0 0 4 5] BPSs 06 (a) fiHWWHIHT 1 fclciS 

y *HEJ: y 7/b- 5 >^WJ«E«fc l J «E>B^8 
««E^S«J0*tU Cftlc<fcyQsat(1)#£*a. * 
IE, *»BSHflU*-l»l5j£-p£*t (0) A^5t 

(1) icftofeBlctt, «S«EflHS<Sy, CtilEj; 
y Qsat (1) cfc y *»*ffi«#**SQsat(2) tfSS3„ 
C<D<fc^lE N «fflB#F^t (m-1) (2^m^n) [E^o 
fcBBES««EflHS< S CtilEj; y Qsat (m- 1 ) 
«ty*»*^«3B«**SQsat(m) tfS$3. 

[0 0 4 6] *fift«©»!8lc£^TH:, -»®ffiF^T 

IrtlcS^Tt (1) =t (2) -t (1) = = 

t (m) - t ( m- 1 ) = = t ( n) - t ( n - 

1) ?**£LTa3»A &m[EftLTQsat(m) -Qsa 
t(m-1) <Qsat(m+ 1 )-Qsat(m) (DM%%Mtc 
?&3lcWg.*E1fiWB£itiZV&o C©C<tUE<j;y % 
§mlE»LT( Qsat(m) -Qsat(m- 1 ))/( t 

(m) - t( m-1))<( Qsat(m+1) -Qsat(m)) 
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/( t (m+1) -t( m))fl>*ftS»fcLTV*. 

[0047] 06 (b) it-mmmmiMc&vzw 

6 (a) ?£a&fc<fc5fcWWE*H£LTl,v5feafc 
ffit©m (2^m^n) [cftLT, Qsat(m) -Qsat 
(m-1) <Qsat(m+1) -Qsat(m) DDSi^ffio 
Il^o ^«[C06 (c) i5<fctfEI6 (d) tifgftm© 

[0 0 4 8] IP*, 06 (c) W:{£ftm©ftA™£fl 

/T^LTWo -75, 06 (d) US3fc*03fc*MJfLfc 
^^LTiJU, Qsat(m-I) KflDBBMSS 

^fcWJMT*IBnMH8£LT^*jft Qsat(m) © 
^ - KCBSIHfllfc <fc tf* ft««©*aBSIH* lc in T 
14, Qsat(n) t,*- KffHTT* t (n) BSlcfi^T 

[0 0 4 9] HI7tt7* KF*gic»«#n*« 
MfflMttSlt^LTl^o IP*> 07leKtt** 
«T»SLftliJllfl«*Jlft:fi!l©^ttl«:<t:S316*t«8l*n 

X, S' (1) tt»8KTIt6ftW«j6M£©»S 

[0 0 5 0] *^ftfiOlcj*T, SSmE^nlSPilc^fk 
LfcW^ ftm©Sfb1c*fLT«»£tl3m^m©£lfc- 
*3fl«5Et)«»feSfl« n - 1 ffip/r^S Ufr^S ( 1 ) < 
S (2) < <S(m) < <S(n) (S (n) fcfc- 

S(m) U.t(Dftmic3S^Tl*, Qsat(1) Bf©^- K© 
B$IHffi*g#SQsat(m) Bf©^- K©0fP^I*l$?i:© 

S(m) J-X±S(m+1) JCrFfl>3E«lca3l^T 
tts Qsat(m+1) B$®^-RDB$IH»ft»SQsat(n) 

[0 0 5 1 ] ft&\ S(n) JK±©Jlfi«lCfi^T(*s Qsa 
t(1) B$®t-K®B$IH$frSQsat(n) Bf©^E- K© 
BSIH*F«g©^-f ft©^- K©eiB*lcfe^Tt.s ^©& 

ft&\ s (i) a, s' (i) >s (i) *3ifc-r«Bi 

fcfcfi^TfiWclSfi&raEfcff?**^ S(m) (2 
^m^n) H: s 2^m^n-1 ©T^T©mldtf LTQ 
sat(m) -Qsat(m-I) <Qsat(m+1) -Qsat 
(m) ©£fr£;ifc-tQsat(2)frSQsat(n) iCfcU- 



[00 5 2] H7<fcy, m^MliS (n) >S' (1) 

©B@»TxLTi3U, *Hf*#iJ©ff«cfc y y-r^-sv 

* uy^mmik y*iRi±LTiv5 * 

6 ic* H f*0J£iufE LfcM 1 £S 2 © H WJ©^® <htb 

[00 5 3] ft&\ SSmlcSsfLTH^a©^?* 
*( Qsat(m) -Qsat(m-1))/( t (m) - t(m 
-1))<( Qsat(m+1) -Qsat(m))/( t (m + 
1) - t( m))©*ft*3tfc*SU^lcfiUNT«E), « 
il#l«fk L&l^titR-T * iW577U 

*i*W5*©£fb*tf n - 1 ffiffi«fc U'J> 

ft<ft£/cA6, ±IB©II^3©^W1-^T©m[c» 
LT?Sfc LT^*«#tJ±R-r * t S KSRUBOtf 

[0054] *&Bmcmzmmm#mwgRo)m 

B*a©m 4 ©JMMIlc WTWHT * ft S tf\ ^Kff 
tfQsat(m) ?S*ma»g (2^n) OWE- 

kstw>»7«ihi* t (m) (-mmmrsmj^rm 

tmtLltMGs 2J-X±n*;S©$5m, XttT^T 
©mlCj5l^T( Qsat(m) -Qsat(m- 1 ))/( t 
(m) - t( m-1 ))<(Qsat(m+ 1 ) -Qsat(m)) 

/( t (m+D - t( m))<ommtmitrmtcfmt 

[0 0 5 5] *SttflUcS^T«\ tufSLfcH 

us (d) ic^-n^ft^-To 

[0 0 5 6] 08lcS$T, 08 (a) — SMMBIHT 

(*» y *mE<fc y tfi< = v^si«E<fc y 

t>S^Sfi«Efl«SliP*tU cnicfc y Qsat (1) 

wmmifit (o) A^st (i) tcftofc^ 
icii, »«mE*Ms<fty, cftic<fcyQsat(D<fcy» 

«m#M)b^#ftQsat(2)^$5c 
[0 0 5 7] ^©cfcatc, *8IBSIHt ( m-1)(2^m^ 
n) IcftofeBlcfflBlEjtWKfty* CtitCcfcyQsa 
t(m- 1 ) <fcy#am^S)b^tftQsat(m) ^$ 

Icfi^Tt (1) >t (2) -t (1) > >t( 
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m) -t( m-1) > >t( n) - t( n-1) 

T'&ZtLZJSV. &mlzttLZ. Qsat(m) -Qsat 
(m-1) =Qsat(m+1) -Qsat(m) ©BHS£3tfc 

[0 0 5 8] Z(DZ.tfc£V, &mfcttLT( Qsat 
(m) -Qsat(m-1))/( t (m) -t(m-1))< 
(Qsat(m+1) -Qsat(m))/( t (m+ 1 ) - t( 

m))©*fl=*3ifeLT^«o m8 (b) it-msmm 

(a) ?£fcfc<fc 5 KSSWESKSLT^afcik « 
«©m (2^m^n) KfcfLT\ Qsat(m) -Qsat(m 
-1) =Qsat(m+1) -Qsat(m) DDffliSfttoT 

[0 0 5 9] 08 (c) i5<fctflg8 (d) [4ffiftm<7) 

-r*-Rc#a*ft««M*^LT^*o 08 (c) 

lc*a#iflT^*»?*SLT^*. -15. HI 8 (d) 
teiftftatDfttf Aflf L/c^C/Tx LTJ3 U , Qsat (m- 

i ) <o=e- KOBSM*e«fca [ *nwiKi©^- k©rib* 

Tl^6\ Qsat(m) KCBSM^fi <fct«-fttt« 

©gWfP^cfc^Ttt, Qsat(n) fct- K#*7T 
«t (n) Bfc6^TST?ira«rfc3flM«LfcW5 

[0 0 6 0] 091*7* h?y*-KWc«»£tl31l 
^m<Dftmtt£tt£^ LTV*„ LfcgJiltf * 

Wmti%nffiw£(DMi$**LT^%o S' (1) 
»8ratl&W»#-£<D«#l«:j5l,NT7* h^V^- 

[006 1] SSWEffngtfglcSfcLfc*^ ftm© 

tfn-IIHfSaU jGOS(1)<S(2)< <S(m) < 

<S(n) (S(n) ttHWWBIHI©*$7l$IHI) OH 

«*toTM. ftmSCm) iX±<7)^Mlci3^Tti. Q 
sat(1) BftT)^- R7)B$H$F*gfrSQsat(m) B&Dt- 

7V;f-R4t&fntt!»<k%36\ S(m) JK±S(m+1) 
J-XT^MtciS^Tlis Qsat(m+ 1 )Bf(73 : E- K<DB$ 
H3?frSQsat(n) BSflDt- KOISIHfcST^rti©^ 
- K®B$IH$U:i5^Tfc7* h^V^- R4f&fP»c 

[0 0 6 2] £3b\ S(n) JJUKJDWaicfi^Ttt, Qsa 
t(1) mot- R7)0fPt§wfrSQsat(n) BS^t- K<D 

B$IH*rtl«:£^T7* h^- KUftffDtttt£ft3. 



*S(1)fr5S(n) £*L<LTV* 0 fc/c LHP8W4, 
SCnjttffitlcRS-raci:^?**^ S(m) (13 
m^n-1) (4. 2^m^n-1 (DT^TtDmtcft LT 
t ( m+ 1 ) - t ( m) < t ( m) - t ( m- 1 ) <7)£ 

fr*»feT t ( i ) fr6t( n - 1 ) ic<fc y-awics 

[0063] * m «fc a #-f * 5 y 7 l/V^ttfSR 

fli<fc ( j t>iRi± ltv* c <k tffofra. * 5 [cm i atfs 
2 mmwmt&mz t, v 7 u v 

[0 0 6 4] *»IElcft3yje@ttaHft&!I<Z)B 

mttnmmcDmmd (Qsao/dt^d (Qsat)/ 
d t > 0 ttt*mttmx*wttmteWirtz'b<D , ?3b 

[0 0 6 5] **ftfiiJli:^Ttts HWWHH 

Rc*»*ti*WS5*£III1 0 (a) -01 0 (d) lc 

s-ftfft/TVTo 01 0 (a) ii-a«)ffliHT 1 mem 

7mEJ: DfcflK 7^-5>7ffl$'JmEJ: t) fcSl^SS 

[0066] c©b& -mmm 1 rticisw-asauii 

*S#5©*»BSIHt 1 lc£tf5«*Mfl&iPmQsat 
(t) CODSfc SStlHItefrSHWWBIHITI 

(Dmmmt t p tt%) «aotic*fLTd(Q 

sat(t))/dt>0i3j;O : d2(Qsat(t))/d t2 >o© 

[0 0 6 7] 010 (b) tt-«ttSBIHl*3U:i5W-**B 
Rlll6§1USf«*/^LT^«o 010 (a) ?3£a6fe<fca 

lEiSilcillfllTajttlWItftoT^a. X, 110 

(c) Sctyno (d) mmmcDft. js&zimftw 

^M^/T^LT0^ao 010 (c) teimw(Dft$S£Z) : <t 

«©«^iti , B31fi«©«^tt, ti &V&t(DWm. 

*-Ktt. !MP-eric3tWBftLfem?fftt7* h7V^ 
- Klc*8ttf ft*. 

[o 0 6 8] 0 1 U47* k^Vti-- K«fE»a*na 
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*ffi*®3fc»B#tt£iS SWP^ LfefiHSW) 

USUI*. *^ttfl®^«U:<J:*3fca£»»*;h.*mra* 
£ © B8«£iS L T £ t) , &mtW9fifflt 

T^« 0 *^ftfi9lc^Ttt, S«mE6\ d (Qsat 
(t))/d t>0£<fctfd2(Qsat(t))/d t2 >0<7) 
l»;ifcir J; a IcifiKtcSfb Lfc«£, 3fc*©£fcl«: 

[0 0 6 9] ftmS(m) ULttDftmictS^Tli. CCm 
l:lSH«T5S5iiStlt„ (S (m) <S(n) 
(DMS. tm <t n ££3) ©BSIH*ST?7* 
-R*tt»tttt£fc«#s S(m) J-X±S(t p ) JJtT©« 

ia> s(t p ) jiUicwaicfi^THs -mmmm 
[0070] si5 N s(t p ) liffsicKs-rscttfT? 

*^-rfl«Hs 0 ^ t < t p STflDT^T© t icttl-T 
d (Qsat ) /d t>0 % £<fctfd2(Qsat)/d t2 > 
0*5»fcTQsat(t)(03t3t p ) fc<fcy— JM*llE» 
**^Jlc<i: y $r-r*s y VWJIXBBM 

* y t>iRi± LTt^a z.tftt>frz>, * eicii i frsiu 

0*ftffll0^ttOrt«4©Jlft:fi!l©^tttlk«T*i:» 
ftmgMWftmic<fcySfkLfcP£, ^©gfktt 

il^ft lEfrfoft* C <k 6 , g IC $ o fc < aifD«ODfl£fc 

[007 1] -3$ y % *Stt0!l©ft&©£tt0!l£ LTW\ 

T, * ©SB IH U: £ * SIM US mSSm 2 *£fb* 
d2(Qsat)/d t2 # d 2(Q sa t)/d t2 >0i:%3fS 

5 t (n) [ci3^T*^WJlcS$tt§$iJffl*ftr$§, d 
2(Qsat)/dt2 >0£;ifc£%<, d 2(Q sa t)/dt2 = 

<htbK1-« £ #-f*5 y •? U> v><7)ft±ttiB^r^ * 

ttaawicfftoftsa, g legate < a«^<7)#fe^^ 

[0 0 7 2] fctcU t(m) fr5 t („) ©JHIBlCfi^T 
li. t (no lci«Hc«J5r*s S5S(m) J}(±©3fc« 

tt^ a $fc, t(m) frSt&o ©IBIBlcfiL^Td2(Q 
sat)/d t2 <0i6oftl^, ftmS(m) 

[0073] *mwicmt%mm\fci$^Tii, 

S*WWi, 1R-««IBIHT 1 ©MJ&Blulc^Si 



(o) iU6<wa*u^, «$ic«fcoT(*s m 

1 0 (a) StfHI 0 (b) © 1 m 

ic*a*ftfem««** (o) t-eric, i^&s&sti 

[0074] fip^ ±iBLfc§mi*#ij[c)5$T, mmm 
®mra<Dx*-m&t (o) 

mitu so< mm < . «*n$ icic mmmmmm 

[0075] mmat. mm. mmwtswu&mc 
th. mzi m®m$(Dx$- hmjctez. 01 o 

5©*fM!lcfi^T(±. CCDSHftJWKBllcfWl* 

*i*<fcafts iBS!OFD«3fi*wr*3«««»ic<fcy 

^^*\ Cftti, CMOSSHftii««lft^lEf««* 
[0 0 7 6] 012 (a) CMOSS@ftWftgfllC« 

2 2 k ps¥*f*is«2 2 2, p+ mxmwmi 2 

3, NS^ft1S«2 2 4 % N+i¥iftf.a2 2 5, 
U-tz-y h h^>v ; X^2 1 K V-X7*P7@I8©K 
5-r7' h5>i>X^ 2 1 2, mi h5>v»X^ 2 1 3fr 

[0 0 7 7] $fs -WftlBIHtSSiu^E*^ 1 ; 
•b'ybTZtctblc. 01 2 (b) ^L/c<taicy -fey 
hh^>v*2 2 1 Hc«EVHg*Siip-r«Ci:l«:<fc 
Us U-try h V^y~J7,^ 2 1 1 T©«ffi*«< U 3"c 

ms^2 0 1 *«di-r«NS!¥9Pftii«2 2 4 ©me 

^m;JSmEVDD[c-b-y h«o wl^T* 01 2 (c) 
lESLfe<fcaiEU-by h l-^y'JXZ 2 1 1 [cmEVBg 

*wjjou 3tms»&P2 o i ict Mtmmcfottcm* 
wmmmzmmztftoc. ximtsm 20 1 (c« 

J±V D D A^EPlJP N + ¥9HMH 2 2 5 [C RSfSf 

[0 0 7 8] mEVBg ia»JtW*IM 

m6^$«*\ C©VBg*Hi«IBIHrtl«:£^TSBi* 
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^nrnzmm. u ssmEtc j; y *<&«B£si8rr « c 
m^mmmLtc«mo f d^^et 
LTma©BSiH, ffl^M5£*»u y-hWEicty 

[0 0 7 9] X. *5^fcffi*ft&©««£ LT«\ ±E 
Lfe@fta«Slfl!)Slffll*S£*=l V fcf a—? 
3fctt©:7P^A*rti»LfclES«ttT?S*o 

[0080] 

istmvaaia &±mwLtc<j:oic, *%mc&tu& 

[008 1] *5K, ilttWlcSfkf ««#lcfi^T 
li, ms-y^l/^tt, *8tRTfigSWS«#£{bL 

ftmgM^tfftmici: y sft Lfc»* aft 

WcfffotUS ZLtfriD* g $ o fc < SLn 

H«£JIfR-f* 
[0 0 8 2] *«Wtt±E**Jtfflllcia£*tl 

[01] 01li, *«Wlc«3@ft«fl^l1I©-^fte!l 
®MfiE£3*f 7p y^^7^?$? 0 
[02] 02li, *«Wlc£^«Si©^ftfflllcfi^« 

[03] 03li, *«Wlc£^«Sl©^ft«Ol«:fi^« 
[0 4] 0 4li, *«Wlc£^«S2©^ft«9t«:fi^« 

[0 5] 0 5li, *«WlCfi^«S2©^ft«9lc£^« 



n^tcsffl^ti«m^M(7)3 i cMft#e^i-#e0o 

[06] 06li, *«WlCfi^«S3©^ft«9lc£^« 
[07] 07li, *«WlCfi^«S3©^ft«9lc£^« 

nnicsa^ti«m^M(7)3 i cMft#e^i-#e0o 

[08] 08li, *«iBU:i5W-*S4®^tt0!lu:i5tt* 

[09] 09ti, *fffllc3S\,f*m4<DMfoMteSilfZ 
[01 0] 01 0H % *«Wlc£^*S5©^ft«9lc£ 

[01 1] 01 Hi, *ffi£K£tf«fll54>Jltt0!lc£ 

0o 

[01 2] 01 2tt, *«Wlcj3^*@ftli«Sfll«:jS 

[01 3] 01 3«, ft%m<occDsmmmitm<D 
[01 4] 01 4«, ®.m\<DccDvm#.m®mw<D 

3fcWHMM>H'E©RiEig?S*o 

[01 5] 01 5t*, fie*©«soFD«jfi*wr*« 
[01 6] 01 6«\ se*«yic£^* % *a*ti**^ 

M(7)«aBt^tt#tt^^1-#tt0o 

[Hi 7] hi 7 t&mizisvr** mmisti^mm 

M(7)^Mtt#tt^1-#tt0o 
[01 8] 01 8 H % Se*«yic£^*SRfii:S3#8l* 

[01 9] 01 9(i, se*fiiJlc£^*Bfii:S«»a* 

n^m^M(7)^Mtt#tt^^i-#tt0o 

[W^WKB^] 

1 -BfMHR&il 

2 ■■■■&:/■?#« 

3 ■■«*»#« 

8-<t>*30t#a (cpu) 
1 0 1 

1 0 2-SBmS^3iffi 

1 0 5-mi(owM$mn® 
1 0 6-it2(omnnB3£Wf 
1 07-N- m^mwmm 
1 0 8-p- §y¥#i*ss 
1 0 
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1 1 0- 


• p+ §y¥#i*ss 






111- 


•i jfg<7)^i£ H H H ->u=iy 


2 13- 


■SHR h^vU* 


1 1 2- 


•2Jfg(7)^ H H H ->U=l> 


2 2 1- 


•P- §2¥3Pf«* 


1 1 3- 




2 2 2- 


-P£>¥*fflHH 


1 1 4- 


•£IMg 


223- 


• P+ S¥«fMW 


1 1 5- 




2 24- 


-N 


2 11- 




2 25- 


•N+ £¥«fflWC 


2 1 2- 


• V -X 7 * □ > X[h]S&<D K7Y?'h5>v ! 







[01] [03] 
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[0 2] 

[TO) 



-mm (Ti) 




(b) « 



(c) sRcnans 



(d)IBCi««n4 
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U96] 

(TO) 



5 (Tl) 
^ 



~h. 
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GIttiB] ¥$1 1^10^1 50 (1 999. 1 0. 
1 5) 

mmmmmzi mmm 

summit zmicmmztizvzv&mttz 

[ii*ii2] mm-tyy^mt, cmoss-hv^ 
WBttfrni* -/ 7 □ - k u-r vsa-t v-9-#a^ sa 



iMMBIHIfltcQsatd), Qsat(2)g))lLiJcffl\ froQsa 
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7EIHSt(2) tUtm^ Qsat(1)/t (1) <( Q 
sat(2)-Qsat(D) /( t (2) - t (1) ) 

[ii*5i6] wmmt? s aat git ^ q sat 

(m) T-S^mlSPgg (2^m^n) (PffifrE- Kg? 
<P»7l%IHgt (m) (-««IBIHg)»7litlHa t (n)) 
£LfcH^ 2J-X±njfe;jg)S^m, Xttfr -^T^mlc 
fc'l^T( Qsat(m) -Qsat(m- 1 ))/( t (m) -t 
( m- 1 ))<( Qsat(m+ 1 ) -Qsat(m))/( t (m 

+ D -t ( m))(pmmzffitctztz¥fWitt%im 

ffimg»sgd (Qsat)/dtffd (Qsat)/dt>0 
fro, HuE-tMMBIHrtflD-r^TflDHBIHtfett 

fi*<P2%gffc$d2(Qsat)/d t2 frd2(Qsat)/d 
t2 >0?&3£££#a£T3Ii*514^IBB<7)[Sft 

[B*5«8] aB-«flaBiiii<Piiiittii«ncKtj-a sk 
«w««#atc««^nfeTOatt % nnmm (o) 
a t zms.m 4 t^s 7 tz^tiftnc i ago 

[ii^n 9 ] mz-mmmmvmftmmizm % urn 

^(73m^Mfrf^D^tiTl^»^^<!:-r^H>f<iI4^ 

[11*511 0] Alf^M[cjFtLTF/Tg(73Bf^, IB^m 
U gfiHEtc <fe U mfeP>§g£»T 5 e: £ tc 

la- 

[ii*5iii] *MxmicMLTmm<Dv$K. mm 
m*mm u f- k mate j: v mmmz%\mt 

s«^a^jffliRrgitcai^^tifeastoF D«a^wr 



[11*511 2] ±IB LfclftftJg 4flg 9 tpflftfr tc|B 

Bo 

[11*511 3] ±IB LfcH*51 47^)g 9 tpfUftfr EE 
[#^ffiE2] 

[ffiEtt*5gg£] 0 0 16 
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